Nine treatments to study the effect of jameed form (triangle, square and cylinder molds) 
• Treatment H: Jameed made from cow skim milk with square form.
• Treatment I: Jameed made from cow skim milk with cylinder form.
The shaped jameed samples were placed on trays lined with cheesecloth and dried in the shade for 24h thin direct sun to constant weigh (~15 days). The dried jameed treatments were packaged in polyethylene bags and stored at room temperature 6 months. Samples were analyzed when fresh and after 15, 30, 60, 90, 120, 150 and 180 days of storage period.
Yield
Jameed yield was calculated by two means as follows:
Yield-1 (%) = Weight of jameed at the end of storage / Weight of milk used to make jameed x 100
Yield-2 (%) = Weight of jameed at the end of storage / Weight of jameed paste (before drying) x 100
Chemical Analysis
Total solids, fat, total nitrogen and ash contents of samples were determined according to the AOAC (2000) .
Titratable acidity in terms of % lactic acid was measured by titrating 10g of sample mixed with 10ml of boiling distilled water against 0.1 N NaOH using a 0.5% phenolphthalein indicator to an end point of faint pink color (Parmar, 2003) . The pH of the sample was measured at 17 to 20°C using a pH meter (Corning pH/ion analyzer 350, Corning, NY) after calibration with standard buffers (pH 4.0 and 7.0). Water soluble nitrogen (WSN) and nonprotein-nitrogen (NPN) of jameed were estimated according to Ling (1963) . The Volhard's method as described by Richardson (1985) was used to determine the salt content of jameed. Salt in moisture percentage of the cheese was estimated as follow:
(Salt percentage x 100) / (moisture percentage + Salt percentage)
Microbiological Analyses
Jameed samples were analyzed for total viable bacterial count (TVBC), lactic acid bacteria (LAB), coliform, proteolytic bacteria, moulds and yeast counts according to the methods described by the American Public Health Association (1992).
Textural Measurements
Force and torque measurements of jameed treatments stored for six months were measured using a Texturometer model Mecmesin Emperor TM Lite 1.17(USA). Mechanical primary characteristics of hardness, springiness, gumminess and cohesiveness and also the secondary characteristic of chewiness (hardness x cohesiveness x springiness) were determined from the deformation Emperor TM Lite Graph. Because jameed samples were very hard, they were soaked in distilled water for 6h at room temperature before measurements.
Wetability Test
A cube weighing ca. 45 g of jameed was cut using a hand saw from a whole jameed ball; 315 ml water were added to the piece placed in 500 ml cup and soaked for 24 h (Quasem et al., 2009) . The excess free water was carefully decanting weighed to calculate the soaked amount as follows:
Absorbed water (%) = [(315 ml water-X) /Weight of cubs in g] x 100
X= the weight of excess water in g.
Syneresis (Whey Separation) Test
The soaked cube (45 g) was mixed with (315 ml water) for 2 minutes using electrical hand mixer (Hinari, model FM2, China) with the whipping accessory. The dispersed jameed was transferred to a 100 ml graduated cylinder and the clear zone was measured after 1 h and 24 h (Quasem et al., 2009) . Syneresis (whey separation) was calculated, as follow: Syneresis (%) = (X/Y) ×100 Where; X= the height of the clear zone and Y= total height of jameed dispersion.
Scanning Electron Microscopy (SEM) Examination
Jameed samples were prepared for SEM according to the method of Brooker and Wells (1984) . The specimens were viewed in a scanning electron microscope (JXA-840A Electron Probe Microanalyzer-JEOL-Japan) after dehydrated using Critical Point Dried instrument and coating with gold using S150A Sputter Coater-Edwards England.
Statistical Analysis
The obtained results were statistically analyzed using a software package (SAS, 1991) based on analysis of variance. When F-test was significant, least significant difference (LSD) was calculated according to Duncan (1955) for the comparison between means. The data presented, in the tables, are the mean (± standard deviation) of 3 experiments.
RESULTS AND DISCUSSION

Chemical Composition of Milk Used in Jameed Manufacture
Chemical composition of sheep buttermilk, goat and cow skim milk used in jameed production was presented in Table 1 . Sheep butter milk had the highest acidity content and the lowest pH values. On the contrary, total solids (TS) and solids-not-fat (SNF) levels were higher in goat and cow skim milk than that of sheep butter milk. Fat concentration of goat skim milk was the highest as compared with those found in sheep buttermilk or cow skim milk. Sheep butter milk is richer in total protein (TP%) than goat or cow skim milk.
Changes in Moisture Content of Jameed during Solar Drying Process
After partially drying of jameed treatments at different temperatures and times in electricity oven, drying process was completed in sun till moisture content of jameed reached to ~20%. To determine the end of solar drying stage, the moisture contents were followed in jameed paste and after 3, 5, 7, 9, 11, 13 and 15 days of solar drying period. Results are shown in Table 2 . Moisture values of jameed made from goat or cow skim milk and dried in sun (samples B and G respectively) were higher than jameed prepared from sheep butter milk with sun drying (sample A). As expected, moisture levels at the beginning and within drying period of samples A, B and G were higher than other treatments. Utilization of partially drying after shaping of jameed paste significantly (p<0.05) reduced moisture concentrations. The reduction rates were proportional with increasing of drying temperatures.
Consequently, samples of goat skim milk jameed dried at 90ºC/6h (sample F) reached to ~20% moisture at the seventh day of drying period while samples dried at 75ºC/8h, 60ºC/10h and 45ºC/12h reached after 9, 9 and 13 days of drying respectively. The same trend but with faster levels was observed in cow skim milk jameed.
Treatments dried at 90ºC/6h, 75ºC/8h, 60ºC/10h and 45ºC/12h (samples K, J, I, and H respectively) recoded 20% moisture after 7, 7, 9 and 11 days of drying stage. This main that the time of solar drying period reduced by 53.33, 53.33, 40 .00 and 26.67% for the mentioned above samples respectively. Moisture levels were a little bit lower in cow skim milk jameed than that of goat skim milk one. Generally, the highest levels of moisture losing were noticed in the first five days of drying process. Treatment B: Jameed made from goat skim milk with sun drying (traditional method).
Treatment C: Jameed made from goat skim milk and dried at 45ºC/12h.
Treatment D: Jameed made from goat skim milk and dried at 60ºC/10h.
Treatment E: Jameed made from goat skim milk and dried at 75ºC/8h.
Treatment F: Jameed made from goat skim milk and dried at 90ºC/6h.
Treatment G: Jameed made from cow skim milk with sun drying (traditional method).
Treatment H: Jameed made from cow skim milk and dried at 45ºC/12h.
Treatment I: Jameed made from cow skim milk and dried at 60ºC/10h.
Treatment J: Jameed made from cow skim milk and dried at 75ºC/8h.
Treatment K: Jameed made from cow skim milk and dried at 90ºC/6h.
Yield of Jameed
The definition of cheese yield, or how to express yield, is important in two main applications: 1. economic control of cheesemaking; 2. expressing the results of cheesemaking experiments. Cheese yield is affected by many factors including milk composition, amount and genetic variants of casein, milk quality, somatic cell count (SCC) in milk, milk pasteurization, coagulant type, vat design, curd firmness at cutting, and manufacturing parameters (Abd El-Gawad and Ahmed, 2011). Outcomes of jameed yield as affected by various shapes are presented in Table 3 .
Values of yield-1 and yield-2 of sheep buttermilk jameed were very higher than jameed prepared from goat and cow skim milk while jameed yield levels were similar for goat or cow skim milk. On the other hand, yield-1 and yield-2 levels of ball, triangle and square jameed were close to each other. Yield of cylindrical shape jameed were slightly higher. Treatment A: Jameed made from sheep buttermilk (control) with ball form.
Treatment B: Jameed made from goat skim milk with ball form.
Treatment C: Jameed made from goat skim milk with triangle form.
Treatment D: Jameed made from goat skim milk with square form.
Treatment E: Jameed made from goat skim milk with cylinder form.
Treatment F: Jameed made from cow skim milk with ball form.
Treatment G: Jameed made from cow skim milk with triangle form.
Treatment H: Jameed made from cow skim milk with square form.
Treatment I: Jameed made from cow skim milk with cylinder form.
Physico-Chemical Properties of Jameed during Storage Period
Data cleared in Table 4 compare between the titratable acidity (% lactic acid), pH, total solids (TS) and fat contents of jameed made from sheep buttermilk, goat and cow skim milk using different molds. During the storage period, titratable acidity values of various jameed treatments tended to increase while pH values tended to decrease.
The highest increasing rates or the lowest decreasing levels were observed in the first month of storage. These results may be due to acid production in jameed during storage as a result of lactose fermentation. Sheep buttermilk jameed had higher acidity ratios than jameed prepared from goat or cow skim milk. Also, the highest values of the acidity development rates during storage were higher in the former than those of the latter. Goat skim milk jameed possessed slightly higher acidity values than cow skim milk jameed. Very slight decreasing in acidity values was noted as a result of change jameed shape from ball to triangle, square and cylinder. The lowest acidity levels were detected in cylindrical form jameed. The acidity values of treatments A, B, E, F and I after 60 days of storage were 4.46, 3.58, 3.65, 3.38 and 3.33% respectively.
Total solids values of goat skim milk jameed were similar to those of jameed made from cow skim milk but were lower than sheep buttermilk jameed. Goat skim milk jameed had the highest fat values followed by sheep buttermilk and cow skim milk jameed. Generally, TS and fat contents of different jameed treatments gradually increased within storage period. The highest rates of increases were found at the end of solar drying stage (after 15 days). As it is showed in Table 4 , molds shape had a significant effect (p<0.05) on TS and fat contents of jameed.
Utilization of square and cylinder molds in jameed manufacturing significantly (p<0.05) lowered TS and fat values.
The lowering levels were clearer in cylindrical shape jameed. On the other side, TS and fat concentrations in both ball and triangle forms jameed were close to each other. Total solids concentrations of samples A, B, C, D, E, F, G, H and I at the end of storage period were 89. 06, 82.95, 82.80, 80.79, 78.24, 83.78, 83.64, 81.69 and 80.74% respectively.
Total protein, ash, salt and salt in moisture values of sheep buttermilk jameed were higher than goat and cow skim milk one (Table 4) . Using cow skim milk in jameed production increased total protein whereas decreased ash contents as compared with jameed made from goat skim milk. No clear differences were observed in salt and salt in moisture contents between jameed made from goat or cow skim milk. Salt levels of samples A, B, C, F and G were 10. 87, 10.45, 10.85, 10.20, 10 .43% after 120 days of storage period respectively. The influence of mold shape on total protein and ash contents of jameed was similar to that on TS and fat. Square and cylinder jameed contained the lowest total protein and ash levels. The values of these components were similar in ball or triangle jameed. Salt levels of ball, triangle, square and cylinder jameed were comparable. However, salt in moisture values of square and cylinder jameed were lower than that made in ball and triangle molds. Through storage period, total protein, ash salt and salt in moisture contents gradually increased in all jameed samples.
Results of chemical composition of jameed in our study were slightly lower than those reported by (Abu-Lehia, 1987 ) and within ranges found by (Tawalbeh, 1992; Jumah et al., 2000) . Abu-Lehia (1987) 
Changes in Microbial Counts of Jameed during Storage
The outcomes in Table 5 Regarding the counts of proteolytic bacteria in different jameed treatments, sheep buttermilk jameed scored the highest counts followed by jameed prepared from goat skim milk and in the end of the order jameed made from cow skim milk. Shape of molds used in jameed production also affected the proteolytic bacteria numbers. The cylindrical jameed had the lowest counts while the spherical jameed had the highest. In different jameed samples, there were significant (p<0.05) lowering in TVBC, lactic acid bacteria and proteolytic bacteria during storage. The main metabolic products of carbohydrate fermentation by bacteria activity are organic acids substantiated by a drop in pH of the surrounding environment. This statement was approved in different cheese varieties by the studies of many authors. Shehata et al. (2004) found that yeast and moulds, proteolytic, psychrophilic and viable spore forming bacterial counts significantly decreased along the ripening period of Ras cheese. Andrade et al. (2008) reported that the dynamic of starter LAB during Cheddar ripening showed that lactococci, represented by Lc. lactis, Lc. cremoris and Lc. diacetylactis, have a gradual decline, resulting in 2 log reduction after 6 month. Lb. casei increased significantly during the first month and showed a slight decrease after 6 month. Conversely, Lb. bulgaricus population showed a rapid increase after inoculation, followed by a drastic reduction, indicative of autolytic activity, during the first month. At the ninety day of storage, moulds and yeasts appeared in samples A, B, C, F and G. After that, they were detected in all jameed treatments. On the whole, findings of moulds and yeasts showed the exactly same trend of TVBC, lactic acid bacteria and proteolytic bacteria. Sheep buttermilk jameed had the greatest and cow skim milk jameed possessed the lowest. Ball and triangle jameed contained higher counts than jameed formed in square and cylinder shapes. Treatment E: Jameed made from goat skim milk with cylinder form.
Changes in Solubility of Jameed during Storage
To make jameed edible, it should be first reconstituted in warm water. Wettability and syneresis properties are good indicators for the validity of jameed to reconstitution. Data in Table 6 show the impact of change jameed form on the wettability and syneresis during storage.
As can be seen from Table 6 , results of wettability revealed that utilization of sheep buttermilk in jameed manufacture increased its value. The wettability levels of goat skim milk jameed were higher than jameed prepared from cow skim milk. Values of wettability of samples A, B and F after 90 day of storage were 227.12, 215.78 and 212.87% respectively. When comparing between the wettability values of various jameed forms, it is clear that using of triangle mold caused significant (p<0.05) increase in jameed wettability. With lesser degree than triangle mold, also square shape raised the jameed wettability within storage period. Both ball and cylinder jameed approximately had the same results of wettability. Values of wettability for treatments F, G, H and I after 120 days of storage were 217.23, 227.00, 223.15 and 218.35% respectively.
Syneresis values of cow skim milk jameed were higher than those of goat skim milk one which were higher than jameed made from sheep buttermilk. Levels of syneresis measured after 1 h of mixing with water for samples Treatment B: Jameed made from goat skim milk with ball form.
Changes in Textural Characterizes of Jameed at the End of Storage
The force necessary to attain a given deformation with a maximum force bite when the sample is placed between molars is termed as hardness (Nateghi et al., 2012) . Cohesiveness is defined as the extent to which a sample can be deformed before it ruptures (Chen et al., 1978) . Gumminess is defined as the energy needed to disintegrate a semisolid food until it becomes ready for swallowing (Nateghi et al., 2012) . Chewiness is defined as the number of masticates required for a certain amount of sample in order to satisfactorily decrease the consistency for swallowing (Nateghi et al., 2012) .
Results of hardness, cohesiveness, springiness, gumminess and chewiness of jameed at the end of storage period are tabulated in Table 7 . The values of textural mentioned properties significantly (p<0.05) affected by the type of milk used in jameed production. Utilization of sheep buttermilk yielded jameed with high values of hardness, cohesiveness, gumminess and chewiness and low levels of springiness. This may be due to high total solids content. Cow skim milk jameed recognized to have hardness, cohesiveness, gumminess and chewiness levels higher than those of goat milk jameed while springiness values had the opposite trend. In both goat and cow skim milk jameed, the spherical and cylindrical shapes had the minimum values of hardness, cohesiveness, gumminess and chewiness whereas the triangle and square forms possessed the maximum levels. Treatment B: Jameed made from goat skim milk with ball form.
Microstructure of Jameed at the End of Storage Period
Electron microscopic studies offer opportunities for studying the structural characteristics of cheese as they relate to other physicochemical properties (Caric et al., 1985) . Supporting of this point of view, Marchesseau et al. (1997) stated that microscopy has been employed extensively to study cheese structure to explain the physicochemical changes in dairy products that occur during manufacture and storage. Therefore, scanning electron microscopy (SEM) was used in our study for more deeply understanding of the effect of jameed forms change on the structural properties. The microstructures of jameed samples at the end of storage period are shown in Figure 2 .
The protein network for the jameed made from sheep buttermilk (sample A) tended to be qualitatively thicker than the jameed made from goat and cow skim milk (samples B and F respectively). However, the protein matrix was coarser and more granular in treatments B and F than treatment A. The protein matrix of cow skim milk jameed observed with SEM has a relatively denser structure than that of goat skim milk jameed. Also, scanning electron microscopic examination demonstrated that small gaps of different sizes, indicated by the black regions, were embedded in the protein network in both goat and cow skim milk jameed but they were more visible in goat skim milk one. These gaps contained the fat globules. The microscopic images correlated well with textural characteristics reported in Table 7 . The hardest jameed (sample A) had less porous and more compact structure.
Similar observations were reported by Mistry et al. (2006) who showed that in the firmest cheese, a very compact protein network was observed. Soodam et al. (2014) found that small gaps appear at the interface between the fat and protein phases by week 13 of ripening period of Cheddar cheese, which could arise from proteolysis of the protein network leading to a weaker structure that behaves differently during microscopy sample preparations.
That is, the interface of the protein and fat could be considered as the weakest point within the structure. As such, gaps are more likely to appear in the aged cheese at the fat-protein interface.
Distinct variations were noted between the images of ball, triangle, square and cylinder jameed. As previously mentioned, the ball jameed (samples B and F) characterized with a coarse granular structure with relatively large pores whereas in triangle jameed some compact protein masses with coarse structure contained little spaces were observed. In square and cylinder jameed, protein network possessed rigid plate's structure, little aggregates and more gaps scattered in matrix.
CONCLUSION
From chemical, microbial and rheological measurements, jameed with good quality was successfully prepared using triangle, square and cylinder shapes. Utilization of triangle, square and cylinder molds in jameed production not only helps to obtain suitable quality but also reduce the production time. Hydraulic pressure can be applied with these molds. Consequently, moisture expulsion will be faster which decrease the time of solar drying period and minimize jameed contamination and increase shelf life. On the contrary, it is impossible to use hydraulic pressure with spherical shape.
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